Quantification of cell-specific substrate uptake by probe-defined bacteria under in situ conditions by microautoradiography and fluorescence in situ hybridization.
A technique based on quantitative microautoradiography (QMAR) and fluorescence in situ hybridization (FISH) was developed and evaluated in order to determine the quantitative uptake of specific substrates in probe-defined filamentous bacteria directly in a complex system. The technique, QMAR-FISH, has a resolution of a single cell and is based on an improved fixation protocol and the use of an internal standard of bacteria with known specific radioactivity. The method was used to study the in situ ecophysiology of the filamentous bacteria 'Candidatus Meganema perideroedes' and Thiothrix sp. directly in an activated sludge system. The cellular uptake rate of tritium-labelled substrates revealed an average cell-specific uptake rate of 4.1 yen 10-15 mol of acetate cell-1 h-1 and 3.1 yen 10-15 mol of acetate cell-1 h-1 for the two filamentous species respectively. The two filamentous species had very similar activity in all cells along each filament. Surprisingly, the filaments within both probe-defined populations had threefold variation in activity between the different filaments, demonstrating a large variation in activity level within a single population in a complex system. The substrate affinity (Ks) for uptake of acetate of the cells within the two filamentous bacteria was determined by incubation with variable concentrations of labelled acetate. The Ks values of the 'Candidatus Meganema perideroedes' and the Thiothrix filamentous bacteria were determined to be 1.8 micro M and 2.4 micro M acetate respectively.